The aim of the present study was to develop a novel type of probiotic chocolate with the additive Bacillus coagulans bacteria and determine the concentration of polyphenols and their bioaccessibility. The manufactured chocolate possessed significantly higher concentrations of polyphenols than the control sample.
Introduction
Chocolate is manufactured from cacao powder, cacao butter (cacao fat), and a portion of sugar or another sweetening agent; the production process of chocolate comprises many stages. This process includes fermentation of cacao beans; the beans are then dried, cleaned, roasted, ground, squeezed, rolled, conched, and tempered. 1 Chocolate is criticized for its saturated fatty acid and high calorific content. Nevertheless, it is recognized for the concentration of biologically active compounds in it. 2, 3 It is a source of polyphenols (mainly flavonoids), biogenic amines (tyramine and phenylethylamine), purine alkaloids (caffeine and theobromine), and mineral salts (i.e., magnesium). 3, 4 In light of growing interest in functional food rich in nutrients and health-promoting compounds as well as considering the demand from the consumers, primarily from children, probiotic chocolate is an interesting product meeting all these criteria. At present, only a few products containing probiotic bacteria, primarily of the genus Lactobacillus, are known. [5] [6] [7] An alternative and completely new product of this group is milk chocolate with the addition of Bacillus bacteria, namely Bacillus coagulans GBI-30, 6086. This bacterial strain with the commercial name GanedenBC30® has unique technical and functional characteristics, because of which it has been used in the food industry. B. coagulans GBI-30, 6086 is a bacterial strain producing lactic acid in the form of the +L isomer, with the GRAS (Generally Recognized As Safe) status; it exhibits resistance to unfavorable conditions of the gastrointestinal tract (high and low pH) as well as to harsh production conditions (high temperature and elevated pressure). 8, 9 The capacity of the genus Bacillus to form endospores determines its ability to resist stress conditions. This is a highly significant trait, which is atypical of the majority of microorganisms with probiotic potential. 10, 11 The aim of the study was to assess the influence of the storage time of probiotic chocolate with B. coagulans on the content of bioactive compounds and the quality using physicochemical and sensory parameters. In addition, the maintenance of bacterial counts during the storage period and in the course of digestion in an in vitro model was investigated.
Materials and methods

Materials
The samples of chocolates were purchased from the semiindustrial scale factory of confectionery products "BARS" Halina Kalemba (Wloszakowice, Poland). The examined dark chocolate masses and bars of these chocolates were enriched in a lyophilizate of live cells of probiotic Bacillus coagulans GBI-30, 6086 strains. Table 1 presents the nutritional value of the used chocolate mass.
(T1-after production; T2-after 1 month of storage; T3-after 3 months of storage; T4-after 6 months of storage; T5-after 12 months of storage and T6-after 24 of storage which was only for bacterial count determined) at room temperature in tightly closed, dark containers.
Methods
Ph and water activity (a w ) measurement. The pH changes in three types of probiotic chocolates were determined using a pH meter (Mettler-Toledo, USA). 5 Water activity (a w ) was determined using the aw-meter Thermoconstanter Novasina RTD 33 TH-1. Analyses of the listed parameters were performed at the beginning of the experiment and during the storage period at measurement points (T2-T5).
Extraction. Extraction from chocolate samples was based on Belščak-Cvitanović et al.'s procedure. 12 First, the samples were defattened three times in the ratio of 2.0 g of chocolate material per 10 mL of n-hexane. After that point, the defattened cocoa solids were air-dried for 24 h to remove the residual organic solvent. 13 The cleaned and defattened 2.0 g samples were extracted two times with 10 mL of aqueous methanol (40 : 60) (700 g L −1 ) for 30 min in an ultrasonic bath in order to obtain the extract. 12 After each extraction, the mixture was centrifuged for 10 min at 3000g and the supernatant was decanted. The supernatants were combined and filtered to remove the residual particles.
Catechin content. Catechins were identified by the HPLC method by using the column RP-C18 (150 × 4.6 mm; 5 μm) and a photo-diode detector (λ = 279 nm) and performing the analysis in a gradient elution system. As an eluent, a mixture of 0.01 M phosphate buffer and methyl alcohol was used with a flow rate of 1 mL min −1 . 14 The used references were as follows: (−)-epicatechin (min. 90%, Sigma-Aldrich), (+)-catechin (min. 98%, Sigma-Aldrich), and (−)-epigallocatechin gallate (min. 95%, Sigma-Aldrich). The relationship between the resultant peak surfaces and the concentrations of the three studied compounds was observed. Calibration curves of the studied compounds were determined with 7 concentration levels and 5 independent measurements for each of them. The concentrations of (+)-catechin and (−)-epicatechin in the ana-lyzed products were presented in mg per 100 g d.w. and the concentration of (−)epigallocatechin gallate in g per 100 g d.w.
Composition of phenolic acids. The procedure was based on the methodology described previously by Kulczyński et al. 15 Phenolic acids were analysed as a percentage composition using an Agilent UPLC equipped with a Bin Pump Infinity DAD 1290 detector (λ = 260 nm and 310 nm). A non-linear concentration gradient was used to analyse the dry extract. The gradient consisted of H 3 PO 4 buffer (solvent A), pH = 2.7, which was adjusted using 1 : 1 v/v acetonitrile-water (solvent B). The gradient profile decreased from 95% of solvent A at 1 min to 50% of B at 52 min and the run time was 58 min. The injected volume of samples after filtration (PTFE filter; 0.45 μm) was 10 µL. Phenolic acids were identified using the standards dissolved in methanol (caffeic, chlorogenic, ferulic, p-coumaric and sinapic acids).
Composition of flavonols. The percentage composition of flavonols was determined according to the method described by Kulczyński et al. 15 Extracted flavonols were separated and identified by Agilent UPLC using a Nova-Pak C18 reversedphase column (3.9 × 150 mm, 5 μm particle size; both from Waters, Milford, MA, USA). Solvent A was 0.3% (v/v) HCOOH in H 2 O, while solvent B was 100% CH 3 CN. The flow rate was maintained at 1 mL min −1 . The gradient profile was as follows: 85% of A at 0 min and 25% of A at 40 min. Chromatograms were obtained using a UV-Vis detector at λ = 370 nm. Separated compounds of individual flavonols were determined as isoquercetin, quercetin, hyperoside and kaempferol and their percentage composition was calculated.
Sensory profiling. Profile assessment of the tested dark probiotic chocolate samples was performed in the sensory laboratory. To determine a broad range of sensory characteristics, that is, the sensory profiling, a quantitative method was used. The sensory profiling was performed by a 16-person team who had been trained for this purpose, and their sensory sensitivity was confirmed. As a part of the analysis, the following qualitative determinants were marked: color (brown, gray, crème, and general preference), odor (yeast, off, seasoning, metallic, and general preference), taste (salty, spicy, yeast, off, metallic, chemical, bitter, and general preference), and consistency (moisture and crispness). The intensity of each qualitative mark was determined using a structured 10 cm-long line scale with adequate edge captions (intense/not intense). The obtained results were converted into numerical values and noted in points. Trials were encoded and given to the examiners, guaranteeing the anonymity of the first, by placing them in white, odorless, lockable vessels. All trials were performed at the same temperature (ambient temperature), and the trial quantity was suited for the test so as to guarantee the possibility of testing the product several times. Selected results were based on three individual marks of examiners, done during three sessions.
In vitro digesting model. To determine the kinetics of bacterial count changes in the probiotic chocolate containing Bacillus genus bacteria, the in vitro digestive system model was applied. The experimental set was built up with a 1-liter volume fermenter (Sartorius Poland). The set temperature was maintained at 37°C. Two general experimental trials were conducted in this study. The first was the control run, in which the bacterial lyophilizate was dissolved in PBS buffer ( pH 7.4) (Merck-Sigma). The latter trial involved the milk chocolate with B. coagulans at concentrations of 1.0 × 10 6 , 1.0 × 10 7 , and 1.0 × 10 8 CFU g −1 . In the initial step, a mixture of chocolate samples in PBS buffer or a selected nutrient matrix was prepared. This prepared sample was subjected to the first step of in vitro digesting, which was designed for simulating the conditions occurring in the stomach. A modeling mixture of the gastric juice was prepared by adding 300 U mL −1 pepsin and lowering the pH to 4.0 (1 M HCl). This step was performed for 4 h at 37°C (P2). Peristaltic movements were simulated by stirring with a magnetic stirrer. In the next step, digestion in the small intestine was imitated by changing the pH to 6.0 by using 1 M NaHCO 3 and adding 10 mL of pancreatico-intestinal extract (P3). The next step was to increase the pH to 7.4 by adding 1 M NaHCO 3 and introduce a standardized inoculum of intestinal microflora (10 6 CFU mL −1 of the food content) isolated from human stool. The process was carried out for 2 h at 37°C (P4). To simulate the passage of the product through the large intestine, the pH was increased to 8.0 with 2 M NaHCO 3 , and further digestion was carried out under anaerobic conditions for 18 h (P5). Bacterial count determination. One gram of the sample was dissolved in 199 mL of peptone water and mixed for 5 min in a Stomacher. The suspension pH was adjusted to 8.5. Then, 20 mL of the suspension was incubated at 75°C for 30 min. Subsequently, the suspension was immediately cooled to a temperature below 40°C. In the next step, 1.0 mL of the cooled suspension was transferred to a sterile tube containing 9 mL of peptone water. Thus, in the prepared suspension, the microbial count was 0.5 × 10 3 CFU g −1 of product. Then, further decimal dilutions were performed. A volume of 1.0 mL of the sample prepared was spread on the surface of the media, and at least 2 Petri dishes for each medium were used for each dilution of the sample. To determine the total Bacillus count, a Bacillus selective agar base without supplement liquefied with medium was used. The dishes were incubated for a minimum of 48 h at 40°C.
Storage test. All chocolate variants, as well as the bacterial lyophilizate, were stored for 24 months both at room temperature (20°C) and under refrigeration conditions (4°C). Analysis of bacterial viability was performed in accordance with the description of bacterial count determination at the following time intervals: 1-week post-production and 1, 3, 6, 12, and 24 months post-production.
Statistical analysis. The experiment was based on threefold repetition, and all measurements were duplicated. The STATISTICA PL 13.1 (StatSoft, Inc., Krakow, Poland) software was used for the calculation of the principal component analysis (PCA), values of means, standard deviations, and the significance of differences between means ( p < 0.05, analysis of variance, Tukey's multiple range test). The analysis of variance (ANOVA) was conducted for a completely randomized design (CRD) experiment. Then, Tukey's test was used for comparing the mean values at a significance level of p ≤ 0.05. The slope of the regression curve (coefficient A/24 h) was determined in the Excel 2007 program to present the dynamics of measured factors, that is, lipid oxidation and physical and microbial changes, and to show the changes in the activity of AChE and BChE during storage. The data were expressed as mean values and standard deviations of independent measurements for four specimens (n = 4). The relationship between the factors noted in Table 1 and storage periods for each factor is described using the equation: Y = A × X + B, where y is the dependent variable, x is the independent variable, A is the independent variable coefficient per slope of the line, and B is the intercept.
Results
Ph measurements, water activity, and catechin and polyphenol content changes
In the tested chocolates, during the entire storage period, the course of pH and water activity (a w ) changes was monitored, together with the monitoring of the polyphenol content ( Table 2 ). During storage, the pH of the chocolates increased and remained in the range from 5.16-5.23 at the beginning of the experiment to 6.04-6.22 at the last stage of the study (after 24 months of storage). The R 2 coefficient confirmed the linear dynamics changes of the pH value during the chocolate sample storage. The R 2 coefficient remained in the range of 0.480-0.868, thus indicating a disproportionate increase in pH relative to the storage time. It has been demonstrated that the addition of probiotic bacteria does not influence the pH of the tested samples. The water activity index was monitored during the storage of chocolates. There was an increase in the a w from 0.231 to 2.255 directly after production and it decreased to 0.121-0.134 after 12 months of storage; thus, the water activity was reduced almost twofold. During storage, the smallest changes in water activity were observed in the sample with the lowest addition of probiotic bacteria (10 6 CFU g −1 ). The R 2 coefficient remained in the range of 0.826-0.969, indicating a proportionate decrease in the a w during storage. A decrease in the total polyphenol content was demonstrated in the probiotic chocolates within the experimental duration. However, the addition of probiotic bacteria did not influence these changes. In all chocolate samples, the changes in the level of the polyphenol content were statistically insignificant throughout the 12-month storage period. Only after 24 months of storage, a significant reduction in the polyphenol content was observed, which amounted to 15.9% in the sample with the highest addition of bacteria and up to 16.5% in the control sample. In the case of epicatechin and catechin, the most dynamic decrease in the content was observed at the second measurement point, that is, after 3 months. A further decrease in the contents of these components was minor and comparable in all samples. At the final stage of the study, the decrease in these components was found to have reached 45%, consider- ing the high dynamics of decrease in the first storage period. In contrast to the above finding, epigallocatechin showed the highest stability during storage, and only at the final measurement point, its content decreased significantly by 15% relative to the initial value. The dynamics of the decrease in the epigallocatechin content compared to that of catechins and gallocatechins showed the lowest rate in all tested samples. The results show that the addition of probiotic bacteria to chocolate does not influence changes in the stability of the tested catechins.
Polyphenolic compound content analysis
In the examined probiotic chocolates ( Fig. 1) , the selected flavonols and phenolic acids were analysed qualitatively and quantitatively. In the examined chocolate, the percentage share of flavonols was demonstrated in the following order: quercetin > isoquercetin > kaempferol > hyperoside. The quercetin content constituted over 50% of the share of the analyzed flavonols. In terms of phenolic acids, the percentage share was as follows: chlorogenic acid > ferulic acid > p-coumaric acid > sinapic acid. Chlorogenic acid constituted over 50% of all ana-lyzed acids. It was found that the addition of probiotic bacteria to chocolate did not have a statistically significant effect on the percentage composition of the tested polyphenols. In terms of the taste of samples with probiotic bacteria, significant differences were found in the sensation of chocolate and spicy taste. The addition of probiotics at a level of 10 6 CFU g −1 to chocolate showed a significant effect on the reduction of sensation of these tastes. There was no influence of probiotic bacteria on the color and consistency of the examined chocolates.
Sensory profile
In vitro digestion model
In the subsequent stage of the study, the influence of conditions simulating the digestion process on the viability of B. coagulans bacteria added to the chocolate was analyzed. Table 4 presents the study results. In the variant, which tested the influence of in vitro digestion on the lyophilized bacteria suspended in PBS buffer, the highest decrease in bacterial counts was observed in the consecutive stages of the digestion process. Initially (P1), the B. coagulans count was 2.2 × 10 7 CFU g −1 . After 4 h of incubation, the bacterial count reduced to 2.1 × 10 4 CFU g −1 (P2). In the next stage, in which the aim was to simulate the environment of the small intestine, the count of B. coagulans was stable in the presence of pancreatic and intestinal juice and amounted to 4.5 × 10 4 CFU g −1 (P3). The next stage involved increasing the pH to 7.4 (P4); after completion of this stage, the count of B. coagulans increased to 5.2 × 10 4 CFU g −1 . After the completion of the passage of the product through the large intestine (P5), the count of B. coagulans was 2.1 × 10 4 CFU g −1 . The next experimental variant analyzed the variability of the count of B. coagulans contained in milk chocolate at a varying initial dose of the lyophilizate used at the production stage. The best results were obtained for the variant in which the used dose of the lyophilizate enabled obtaining the count of B. coagulans bacteria in the ready product at 1.9 × 10 8 CFU g −1 . The count of bacteria decreased to 9.2 × 10 6 CFU g −1 (P2) after 4 h of incubation. The subsequent phase simulated the environment of the small intestine in the presence of pancreatic and intestinal juice, and the count of B. coagulans was again reduced to 2.8 × 10 6 CFU g −1 (P3). The next stage involved increasing the pH to 7.4 (P4). After this stage was completed, the count of B. coagulans was slightly changed and increased to 3.2 × 10 8 CFU g −1 . After the product passed through the conditions that imitated the large intestine (P5), the count of B. coagulans was again increased to 2.2 × 10 10 CFU g −1 . The present results thus indicate that chocolate constitutes a good matrix for the growth of Bacillus bacteria. This matrix enables to maintain a high count of living cells even after the transfer through stages simulating conditions prevailing in the gastrointestinal tract.
The last stage of the study aimed at assessing the stability of B. coagulans bacteria in the finished product, that is, milk chocolate. Three variants of chocolate containing the bacterial lyophilizate were examined. The products were stored both at room temperature and under refrigeration conditions. The obtained refrigeration test results are presented in Fig. 3 . The analysis was performed at defined time intervals, thereby enabling the determination of the possible product storage time. The data presented in the chart demonstrate that the highest stability in terms of the bacterial survival rate was shown by the lyophilizate of B. coagulans bacteria stored at room temperature. In this case, the decrease in cell survival was from 3.1 × 10 9 to 2.8 × 10 5 CFU g −1 after 3 months of storage. After 24 months of storage, the bacterial count in the lyophilizate was 1.7 × 10 3 CFU g −1 . In the variants, where chocolate constitutes the matrix, to which lyophilized bacteria were added, a similar tendency was observed both at room temperature and under refrigeration conditions. However, under refrigeration conditions, the decrease in live bacterial cells was lower. Thus, in the variant where the initial bacterial count in the product was equal to 108 CFU g −1 and the chocolate was stored under refrigeration conditions, the initial bacterial count was maintained until the period of 6 months and changed only slightly from 2.1 × 10 8 to 1.9 × 10 8 CFU g −1 . In 
Food & Function Paper
This journal is © The Royal Society of Chemistry 2019 12 months of storage, a reduction in the number of live cells to 5.8 × 10 7 CFU g −1 was observed. This value was maintained until the end of the storage period, that is, up to 24 months. In the same product variant that was stored at room temperature, a reduction in the viability of cells was already observed in 3 months of storage. From the value of 2.1 × 10 8 CFU, the count of live cells reduced to 1.8 × 10 7 CFU; these values, however, did not reduce further.
Discussion
In the present study, the physicochemical characteristics, sensory properties, and functional properties were analyzed for chocolate with the addition of B. coagulans GBI-30, 6086 (GanedenBC30) bacteria. Supplementation of sugar confectioneries with probiotics is problematic because certain manufacturing processes are conducted at high temperatures, and the products are normally stored at room temperature. Moreover, chocolates and chocolate products should be stored in rooms with a relative air humidity of 75% and a temperature of 18°C. The storage time varies and depends on the properties of products. During storage, various physicochemical processes occur in chocolate products, that is, hydrolysis, oxidation, lipid migration, water migration, and ethanol migration as well as transformation in sugars-sugar bloom and sucrose inversion. 16 Water migration typically occurs in the products with a difference in the water activity of the filling and that of the external coating. 17 The consequences of migration may involve product damage, expressed as cracking of the external portion; drying out of the internal portion; or appearance of mold. 18, 19 Considering the fact that water availability is one of the major factors limiting the growth of microorganisms, the monitoring of the water activity of stored products constitutes one of the methods to determine their stability. 20 In the examined chocolates, water activity decreased clearly only after 6 months of storage, and despite this fact, the microbial quality indicated that the product was safe and of high quality ( Table 2) . Acidity is another important quality indicator. 2 It depends on the composition of raw materials used to produce chocolate. Chocolate may be subject to rancidity because of its high fat content. Thus, changes in acidity may constitute the first indicator of coca fat rancidity in chocolate. In the present study, the results of chocolate samples indicated that the addition of probiotic bacteria did not contribute towards causing acidity changes ( Table 2) . Similar results were already obtained and described in the study of ref. 20 . The high quality of probiotic chocolates determined from the results of physicochemical indices was confirmed by the sensory assessment (Fig. 2) . Sensory properties such as taste, consistency, and color reflect a product's quality and are significant in the selection of the product by the consumer. 21 In the present study, the addition of probiotic bacteria did not have any influence on the odor and color of chocolate. Among the known taste descriptors, probiotic bacteria influenced solely the reduction in the chocolate and spicy taste (Fig. 2) . The presence of metabolites such as lactic acid influences the change in taste sensation. 21 Similar relationships were noted in studies conducted by other researchers, where the use of probiotics in ice cream did not reduce the desirability and sensation of the chocolate flavor. 22 Another significant aspect covered in this study is the assessment of the biofunctionality of the developed probiotic chocolate, the composition of which differed in the dose of B. coagulans bacteria. One of the significant characteristics that determine the biofunctionality of a food product is the assessment of the amount of compounds with antioxidative properties, including polyphenols. 3 Thus, the concentration of these compounds in chocolate has been investigated by numerous studies. 21, 23 Both the content and the percentage share of the tested compounds classified as polyphenols differed from the contents in the described experiments (Table 3) , similar to those observed in other studies. 21, 23 As an example, catechins constitute a group of compounds with the highest quantitative share in cocoa and products containing cocoa and constitute approximately 37% of the total amount of polyphenols contained in cocoa seed. These include (−)-epicatechin, (+)-catechin, (+)-gallocatechin, and (−)-epigallocatechin, among which (−)-epicatechin constitutes 35% flavan-3ols. 24 Martini et al. demonstrated that quercetin-3-O-pentoside was the dominant flavanol in chocolate, the content of which was 3.31 mg per 100 g of dark chocolate, and the most concentrated phenolic acid was ferulic acid (61 mg per 100 g). 23 Apart from ferulic acid, the present study indicated a considerable share of chlorogenic acid (Fig. 1b) . Previous studies have shown many health-promoting properties of polyphenolic compounds, such as bioavailability, antioxidative potential, prevention of atherosclerosis, anti-inflammatory and anti-neurogenerative properties as well as the capacity to react with cellular receptors, stem directly from the chemical structure of these compounds. [25] [26] [27] According to Tresserra-Rimbau et al., the polyphenol retention may depend on the interaction of these compounds with other nutrients. 25 When the nutritional matrix is rich in fatty acids, increased bioavailability may be observed. 28 Secondly, polyphenols are capable of binding to the proteins present in food, thus reducing their bioretention. 28 Proteins present in chocolate are typically of milk origin. They might constitute a part of the chocolate mix (e.g., whey) or constitute a contaminant, which found its way into a food product due to either inaccurate meeting of GMP principles or technical issues. In recent years, numerous studies have been conducted on the bioavailability of epicatechin from dark chocolate and its antioxidative properties. 29, 30 The results have demonstrated that the presence of proteins in chocolate reduces the antioxidative potential and bioavailability of flavonoids. The process of releasing flavonoids from the nutritional matrix and their absorption, distribution, metabolism, and egestion are of key importance from the viewpoint of bioavailability assessment. Serafini et al. revealed that the matrix shows its specific influence on the bioactivity of flavonoids, and it may not be explained alone through the flavonoid-milk protein interaction mechanism. 30 Gallo et al. have also confirmed this fact in their study. 31 In 2011, B. coagulans GBI-30, 6086 was classified by the Food and Drug Administration (FDA) as GRAS, that is, Generally Recognized As Safe; thus, it can be used as an ingredient of food products. The literature contains reports describing the addition of probiotic bacteria to the food matrix of chocolate. 7, [32] [33] [34] However, all data are related to the addition of lactic acid bacteria. There have been no reports on the addition of Bacillus bacteria to chocolate. For a bacterial strain to be classified as probiotic, it must satisfy the strictly determined characteristics. 20, 35 One of the major arguments for the classification of the strain as a health-promoting strain is its resistance to the harsh conditions prevailing in the gastrointestinal tract and its qualitative stability (including maintaining the counts and cell survival) during storage under various temperature conditions. [36] [37] [38] [39] For the new strain of B. coagulans GBI-30, 6086, with probiotic potential, the assessment of sensitivity to simulated digestion conditions was reported by 7, 40 The efficiency of bacterial survivability subject to digestion, which is found in chocolate, was higher than that of the lyophilizate of the bacteria subject to digestion. The authors proved that chocolate constitutes a good matrix for probiotic bacteria, because of which they are delivered to the large intestine in good condition, thus fulfilling their health-promoting function that results in probiotics being delivered to the intestine in good condition and are efficient for the host's health. Similar results were obtained in the present study. In the case of the lyophilizate, the bacterial count was reduced from 10 7 (count prior to digestion) to 10 4 CFU g −1 (count after the last stage of digestion) ( Table 4 ).
Another study reported the results of in vivo tests, where patients consumed chocolate with L. brevis NTT001 and suffered from constipation. 7, 40 Results of experiments conducted enabled the determination of the higher count of Lactobacillus bacteria in the feces and the higher concentration of acetic acid in the test group patients who consumed probiotic chocolate, compared to the control group who consumed chocolate without the addition of bacteria. Another criterion in screening tests aiming at proving the probiotic potential of new strains is demonstration of their high survivability rate during storage. 5 The authors developed a prototype of milk chocolate with the addition of L. casei and L. paracasei species. They demonstrated that such chocolates possessed identical sensory properties to chocolates without the addition of probiotics. Moreover, the count of live bacterial cells remained at the level of 10 6 -10 8 CFU g −1 for a period of 12 months. Similarly, in the present study ( Fig. 3) , the highest count of live probiotic bacteria was found in chocolate stored at 4°C. Undoubtedly, the low water content of chocolate, as well as the presence of protective substances such as milk proteins and sugars, contributed to the high stability of chocolate products containing probiotic bacteria. The above character-istics of B. coagulans GBI-30, 6086 are closely associated with the capacity to form endospores by representatives of this bacterial genus. 10, 41 The formation of spores may be both a desirable and an undesirable characteristic in the technical context. Resistance to the influence of high or low temperature, intensive mixing, and variable pH during the course to obtain the final product, as well as maintaining viability during storage (extended shelf life) and transport are indisputable factors for the capacity to create a dormant form. However, from the viewpoint of hygiene processes or a change in the direction of technology (including the use of a specific or different species), the elimination of the microflora of the genus Bacillus may constitute an impediment.
Conclusions
We managed to produce a novel type of probiotic chocolate with comparative concentrations of active compounds. The addition of probiotic strains to chocolate does not affect its quality as measured from the water activity, acidity, and polyphenol content. The study results indicate that dark chocolate constitutes a suitable matrix for B. coagulans probiotic bacteria, and the sensory characteristics of probiotic chocolate are similar to those of the traditional product. Moreover, the high survival rate of bacteria contained in chocolate after passing through the simulated digestion conditions of the gastrointestinal tract and during storage of a ready product allows us to confirm that probiotic chocolate with B. coagulans bacteria may constitute a new alternative as a probiotic supplement in diet, especially for children.
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